Caracterización experimental del comportamiento hidromecánico de una arcilla compactada by Buenfil Berzunza, Carlos Manuel
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CARACTERIZACIÓN EXPERIMENTAL DEL 
COMPORTAMIENTO HIDROMECÁNICO DE  
UNA ARCILLA COMPACTADA. 
 
 
 
 
 
 
 
 
 
 
 
TESIS DOCTORAL 
 
Presentada por: 
   Carlos Manuel Buenfil Berzunza 
 
              Directores de tesis:  
   Antonio Lloret Morancho 
   Antonio Gens Solé 
 
        Barcelona, Septiembre de 2007 
Departamento de Ingeniería del Terreno, 
Cartográfica y Geofísica 
UNIVERSITAT POLITÈCNICA DE CATALUNYA
Referencias 
REFERENCIAS 
 
 
Adams, B.A., Wulfsohn, D. and Fredlund, D.G. (1996). Air volume change measurement in unsaturated soil 
testing using a digital pressure-volume controller. Geotechnical Testing Journal, Vol. 19, No. 1, pp. 
12-21. 
Agus, S.S., Leong, E.C., and Rahardjo, H., (2000). A Triaxial Permeameter for Unsaturated Soils. 
Unsaturated Soils for Asia, Proceedings, The Asian Conference on Unsaturated Soils, UNSAT-
ASIA, Singapore, Balkema, Rotterdam, pp. 365-370. 
Ahmed, S., Lovell C.W. and Diamond, S. (1974). Pore sizes and strength of compacted clay. J. Geotech. 
Engng Div., ASCE 100, No. 4, 407-425. 
Aitchison, G.D. and Woodburn, J.A. (1969). Soil suction foundation design. Proc. 7th I.C.S.M.F.E., México, 
Vol. 2: 1-8. 
Alonso, E.E., Gens, A., and Hight, D.W. (1987) Special problem soils. General report. In proceedings of the 
9th European Conference on Soil Mechanics and Foundation Engineering, Dublin, Vol. 3: 1087-1146. 
Alonso, E.E., Gens, A., Josa, A. (1990). A constitutive model for partially saturated soils. Géotechnique 40, 
No. 3, 405-430. 
Alonso, E.E., Gens, A. and Josa, A. (1992). Modelling the behaviour of compacted soil upon wetting. Raúl 
Marsal Volume, S.M.M.S., México: 207-223 
Alonso, E.E. and Romero, E. (2003). Collapse behaviour of sand. Proceedings of the Asian Conference on 
Unsaturated Soils. Balkema, pp. 325-334. 
Alva-Hurtado, J. E. and Selig, E. T., (1981). Survey of Laboratory Devices for Measuring Soil Volume 
Change. Geotechnical Testing Journal, Vol. 4, No. 1, pp. 11-18. 
Anderson, W.F., Goodwin, A.K., Pyrah, I.C. and Salman, T.H. (1997). Equipment for one-dimensional 
compression and triaxial testing of unsaturated granular soils at low stress levels. Geotechnical 
Testing Journal, Vol. 20, No. 1, pp. 74-89. 
Aversa, S. and Nicotera, M.V., (2002). A Triaxial and Oedometer Apparatus for Testing Unsaturated Soils. 
Geotechnical Testing Journal, Vol. 25, No. 1, pp. 3-15. 
Baldi G., Hight D.W., and Thomas G.E. (1988). A Reevaluation of conventional triaxial test methods. 
Advanced Triaxial Testing of Soils and Rock, ASTM SPT 977, Rober T. Donaghe, Ronald C. 
Chaney, and Marsall L. Silver, Eds., American Society of Testing and Materials, Philadelphia, pp. 
219-263. 
Balmaceda, A.R. (1991). Suelos compactados. Un estudio teórico y experimental. Tesis Doctoral. 
Universidad Politécnica de Catalunya. 
Barbour, S.L. (1998). Nineteenth Canadian Geotechnical Colloquium: The soil-water charac-teristic curve - 
A historical perspective. Can Geotech J, 35: 873-894. 
Barden, L. (1965). Consolidation of compacted and unsaturated clays. Géotechnique 15, No. 3, 267-286. 
Barden, L. Madedor, A.O. and Sides, G.R. (1969). Volume change characteristics of unsaturated clays. J. 
Soil Mech. Found. Div. A.S.C.E. 95, SM1: 33-51. 
Barrera, M. (2002). Estudio experimental del comportamiento hidro-mecánico de suelos colapsables (in 
Spanish). Tesis doctoral, Universidad Politécnica de Cataluña, Barcelona, España. 
Barrera, M.,Lloret, A., Vaunat, J. and Gens, A. (1998). Análisis teórico y experimental del efecto de la carga 
de compactación en los cambios de volumen de un suelo. XI Congreso Brasileño de Mecánica de 
Suelos en Ingeniería Geotécnica, COBRAMSEG, Brasilia Vol. 3: 835-842.  
Barrera, M., Romero, E., Lloret, A. and Gens, A. (2000). Collapse test on isotropic and anisotropic 
compacted soils. International Workshop On Unsaturated Soils: Experimental Evidence and 
Theoretical Approaches in Unsaturated Soils, Trento, Italy. A.A. Balkema, Rotterdam: 33-45. 
Barrera, M., Romero, E., Lloret, A. and Vaunat, J. (2002). Hydro–mechanical behaviour of a clayey silt 
during controlled-suction shearing. International Conference on Unsaturated Soils, Recife, Brazil, A. 
A. Balkema, Rotterdam Vol. 2: 485-490. 
Bishop, A.W. (1959). The principle of effective stress. Teknik Ukeblad, 39: 859-863. 
Bishop, A.W. and Donald, I.B. (1961). The experimental study of partly saturated soil in triaxial apparatus. 
In Proceedings of the 5th  International Conference on Soil Mechanics and Foundation Engineering, 
Paris. Vol. 1: 13-21 
Bishop, A.W. and Henkel, D. J. (1962). The measurement of soil properties in the triaxial test. Edward 
Arnold, London. 
Bishop, A.W. y Blight, G.E. (1963). Some aspects of effective stress in saturated and unsaturated soils. 
Géotechnique 13, No 3, 177-197. 
Bishop, A.W. and Wesley, L. D. (1975). A hydraulic triaxial apparatus for controlled stress path testing. 
Géotechnique 25, No. 4, 657-670. 
Bocking, K.A. and Fredlund, D.G. (1980). Limitations of the axis translation technique. Proceedings of 4th 
International Conference on Expansive Soils, Denver, Colorado, Vol. 1: 117-135. 
Booth, A.R. (1975). The factors influencing collapse settlement in compacted soils. Proc. 6th Reg. Conf. for 
Africa on S.M.F.E., Durban, Vol. 1: 57-63.  
Booth A.R. (1977). Collapse Settlement in Compacted Soils. CSIR Research Report 324, NITRR Bulletin 
13, Pretoria, South Africa. 
Buenfil, C., Romero, E., Lloret, A. and  Gens, A. (2004). Hydro- mechanical behaviour of a clayey silt under 
isotropic compression. The International Conference from Experimental Evidence Towards 
Numerical Modeling of Unsaturated Soils. Unsaturated Soils: Experimental Studies, Weimar, 
Germany. Springer, ISBN: 3-540-21121-7: 331-342. 
Buenfil, C., Romero, E., Lloret, A. and  Gens, A. (2004). Experimental study on the hydro-mechanical 
behaviour of a silty clay. Second International Workshop On Unsaturated Soils: Advances in 
Testing, Modelling and Engineering Applications, Naples, Italy. Balkema, ISBN 04 1536 742 5:15-
28. 
Burland, J.B. (1965). Some aspects of mechanical behaviour of partly saturated soils, in Moisture equilibria 
and moisture change in soil beneath covered areas. Sidney: Butterworths: 270-278. 
Burland, J.B. and Symes, M.J. (1982). A simple axial displacement gauge for use in the triaxial apparatus. 
Géotechnique 32, No. 1, 62-65. 
Carvalho, L.C. (2001). Estudio experimental del comportamiento mecánico de un suelo cementado no 
saturado. Ph.D. Tesis, Universidad Politécnica de Cataluña. 
Chen, Z.-H., Fredlund, D.G. and Gan, J.K.-M. (1999). Overall volume change, water volume change, and 
yield associated with an unsaturated compacted loess. Can Geotech J, 36: 321-329. 
Clayton, C.R.I. and Khatrush, S.A. (1986). A new device for measuring local axial strain on triaxial 
specimens. Géotechnique 36, No. 4, 593-597. 
Coleman, J.D. (1962). Stress strain relations for partly saturated soils. Correspondence. Géotechnique 12, 
No. 4, 348-350. 
Collins, K. and McGown A. (1974). The form and function of microfabric features in a variety of natural 
soils. Géotechnique 24, 223-254. 
Cox, D.W. (1978). Volume change of compacted clay fill. Clay fill, London, ICE: 79-86.  
Croney, D., Coleman, J.D. and Bridge, P.M. (1952). The suction of moisture held in soil and other porous 
materials. Road Research Technical Paper No. 24, London. 
Croney, D., Coleman, J.D. and Black, W.P.M. (1958). Studies of the movement and distribution of water in 
soil in relation to highway design and performance. HRB spec. Washington D.C. Report 40: 226-25. 
Cuccovillo, T. and Coop, M.R. (1997). The measurement of local axial strains in triaxial tests using LVDTs. 
Géotechnique 47, No. 1, 167-171. 
Cui, Y.G. (1993). Etude du comportement dún limon compacté non saturé et de sa modélisation dans un 
cadre élasto-plastique. PhD Thesis, Ecole Nationale des Ponts et Chaus-sées, Paris. 
Cui, Y. and Delage, P. (1996). Yielding and plastic behaviour of an unsaturated compacted silt. 
Géotechnique 46, No. 2, 291-311. 
Delage, P. and Lefebvre, G. (1984). Study of the structure of a sensitive Champlain clay and of its evolution 
during consolidation. Canadian Geotechnical, Journal, 21: 21-35. 
Delage, P., Suraj de Silva, G.P.R. De Laure, E. (1987). Un nouvel appareil triaxial pour les sols non-satures. 
In Proceedings of the 9th European Conference on Soil Mechanics and Foundation Engineering, 
Dublin, Vol. 1: 25-28 
Referencias 
Delage, P. and Suraj de Silva, G.P.R. (1992). Negative pore pressure and compacted soils. In: E. Ovando, G. 
Auvinet, W. Paniagua & J. Díaz (eds), Raul J. Marsal Vol.: 225-232. México:Sociedad Mexicana de 
Mecánica de Suelos. 
Delage, P., Audigier, M., Cui, Y.-J. and Howat, M.D. (1996). Microstructure of a compacted silt. Can 
Geotech J 33: 150-158. 
Delgado A. (1986). Influencia de las trayectorias de las tensiones de las arcillas expansivas y de los suelos 
colapsables en el laboratorio y en el terreno. Tesis Doctoral, Universidad de Sevilla. 
Diamond, S. (1970). Pore size distributions in clay. Clays and Clay Minerals, 18: 7-23. 
Drumright, E. (1987). Shear strength for unsaturated soils. Ph.D. Thesis, University of Colorado. Fort 
Collins. 
Dudley, A. (1970). Review of collapsing soils. Journal of the Soil Mechanics and Foundations Division. 
Proc. Of the American Society of Civil Engineer. 
Duncan, J.M. and Seed, H.B. (1967). Corrections for strength test data. Journal of the Soil Mechanics and 
Foundations Division, ASCE, Vol. 93, No. (SM5), pp. 121-137. 
Edgar,   T.   V   (1993).   One   and  three   dimensional,   three   phase deformation in soil. In Unsaturated 
Soils, pp. 139—150. ASCE Geotechnical Special Publication No. 39. 
Escario, V. and Sáez, J. (1973). Measurement of the properties of swelling and collapsing soils under 
controlled suction. Proc. 3rd Int. Conf. Expansive Soils, Haifa: 196-200. 
Escario, V. and Sáez, J. (1986). The shear strength of partly saturated soils. Géotechnique 36, No. 3, 453-
456. 
Escario, V. and Sáez, J. (1987). The shear strength under high suction values. Written discussion. Session 5, 
Proc. 9th European Conf. On Soil Mech. And Fdn. Eng., Vol. 3. Balkema, Dublin: 1157. 
Escario, V. and Juca, J.F.T. (1989). Strength and deformation of partly saturated soils. Proc. 12th ICSMFE, 
Rio de Janeiro, Vol. 1: 43-46. 
Estabragh, A.R., Javadi, A.A. and Boot J.C. (2004). Effect of compaction pressure on consolidation 
behaviour of unsaturated silty soil. Can. Geotech. J. 41, No 3: 540-550. 
Fredlund, D.G. (1979). Appropriate concepts and technology for unsaturated soils. Can Geotech J 16, No 1: 
121-139. 
Fredlud, D.G. y Morgenstern, N.R. (1976). Constitutive relations for volume change in unsaturated soils. 
Can Geotech J 13, No 3: 261-276. 
Fredlud, D.G. y Morgenstern, N.R. (1977). Stress state variables for unsaturated soils. J. Geotech. Div. 
A.S.C.E. 103, GT5: 447-466. 
Fredlud, D.G., Morgenstern, N.R., and Widger, R.A. (1978). The shear strength of unsaturated soils. 
Canadian Geotechnical Journal 15, No. 3: 313-321. 
Fredlund, D.G. and Rahardjo, H. (1985). Theorical context for understanding unsaturated residual soil 
behaviour. Proc. 1st Int. Conf. on Geomech. in Tropical, Lateritic and Saprolitic, Brasilia, 1: 295-306. 
Fredlund, D.G., Rahardjo, H. and Gan, J.K.M. (1987). Nonlinearity of strength envelope for unsaturated 
soils. Proc. 6th Int. Conf. Expansive Soils, New Delhi: 49-54. 
Fredlund, D.G. and Rahardjo, H. (1993). Soil mechanics for unsaturated soils. John Wiley & Sons, INC., 
New York. 
Fredlud, D.G., Xing, A., Fredlud, M.D., and Barbour, S.L. (1996). The relationship of the unsaturated soil 
shear strength to the soil-water characteristic curve. Canadian Geotechnical Journal, 33: 440-448. 
Futai, M. M., and Almeida M. S. S. (2005). An experimental of the mechanical behaviour of an unsaturated 
gneiss residual soil. Géotechnique 55, No. 3, 201-213.  
Gallipoli, D., Gens, A., Sharma, R. and Vaunat, J. (2003). An elasto-plastic model for unsaturated soil 
incorporating the effects of suction and degree of saturation on mechanical behaviour. Géotechnique 
53, No. 1, 123-135. 
Gan, J.K.M., Fredlund, D.G. and Rahardjo, H. (1988). Determination of the shear strength of unsaturated 
soils. Can Geotech J, 25: 500-510. 
Geiser, F., Laloui, L., and Vulliet, L. (2000). On the volume measurement in unsaturated triaxial test. In H. 
Rahardjo, D.G. Toll & E.C. Leong, Proc. Of the Asian Conf. on Unsaturated Soils, Singapore, 
Rotterdam / Balkema: 669-674. 
Gens, A. (1995). Constitutive modelling. Application to compacted soils. 1st Int. Conf. on Unsaturated Soils, 
Paris, 1995. 
Gens, A., Alonso, E.E., Suriol, J. and Lloret, A. (1995). Effect of structure on the volumetric behaviour of a 
compacted soil. Proc. 1st Int. Conf. On Unsaturated Soils, Paris. E.E. Alonso and P. Delage (eds.), 
Balkema / Presses des Ponts et Chaussées, 1: 83-88. 
Gens, A. and Romero, E. (2000). Ensayos de laboratorio. Simposio sobre geotécnia de las infraestructuras 
del transporte. Barcelona: 17-43 
Germaine J. T., and Ladd C. C. (1988). Triaxial Testing of Saturated Cohesive Soils. Advanced 
Triaxial Testing of Soils and Rock, ASTM SPT 977, Rober T. Donaghe, Ronald C. Chaney, 
and Marsall L. Silver, Eds., American Society of Testing and Materials, Philadelphia, pp. 
219-263. 
Gibbs, H.J., Hilf, J.W., Holtz, W.G. and Walker, F.C. (1960). The strength of cohesive soils. Research Conf. 
on Shear Strength of Cohesive Soils, Boulder, Colorado: 33-162. 
Goto, S., and Tatsuoka, F. (1988). Effects of end conditions on triaxial compressive strength for 
cohesionless. Advanced Triaxial Testing of Soils and Rock, ASTM SPT 977, Rober T. Donaghe, 
Ronald C. Chaney, and Marsall L. Silver, Eds., American Society of Testing and Materials, 
Philadelphia, pp. 692-705. 
Goto, S., Tatsuoka, F., Shibuya, S., Kim, Y.S. and Sato, T. (1991). A simple gauge for local small strain 
measurement in the laboratory. Soils and Foundations, 31 (1): 169-180. 
Graham, I, Noonan, M. L. and Lew, K. V (1983). Yield states and stress-strain relationships in a natural 
plastic clay. Can Geotech J 20, 502-516. 
Griffiths, F.J. and Joshi, R.C. (1989). Change in pore size distribution due to consolidation of clays. 
Géotechnique 39, No. 1, 159-167. 
Gromko, G.J. (1974). Review of expansive soils. Journal of the Geot. Eng. Div. A.S.C.E., Vol. 100 GT6: 
667-6687. 
Head, K.H. (1992). Manual of soil laboratory testing, Vol. 1: Classification & compaction tests. John Wiley 
& Sons Ltd. 
Head, K.H. (1994). Manual of soil laboratory testing, Vol. 3: Effective stress tests. John Wiley & Sons Ltd. 
Henkel, D.J. and Gilbert, G.D. (1952). The effect of the membrane on the measured triaxial compression 
strength of clay samples. Géotechnique 3, No. 1, 20-29. 
Hilf, J.W. (1956). An investigation of pore-water pressure in compacted cohesive soils. PhD Thesis. 
Technical Memo No. 654, United Stated Bureau of Reclamation, Denver. 
Hillel, D. (1971). Soil and water: Physical principles and processes. Academic Press, New York. 
Houlsby, G.T. (1997). The work input to an unsaturated granular material. Géotechnique 47, No. 1, 193-196. 
Jaky, J. (1948). Pressure in silos. Proc. 2nd Int. Conf. Soil Mech. And Fdn. Engng. 1: 103-107. 
Jardine, R.J., Symes, M.J., and Burland, J.B. (1984). The measurement of soil stiffness in the triaxial 
apparatus. Géotechnique 34, No. 3, 323-340.  
Jenning, J.E.B. and Burland, J.B. (1962). Limitations to the use of effective stress in partly saturated soils. 
Géotechnique 12, No 2: 125-144. 
Jenning, J. and Knight, K. (1975). A guide to construction on or with materials exhibiting additional 
settlement due to collapse of grain structure. Sixth Reg. Conf. for Africa on Soil Mechanics and 
Foundation Engineering, Durban, South Africa. 
Jiménez Salas, J.A., Justo, J.L., Romana, M. y Faraco, C. (1973). The collapse of gypseus silts and clays of 
low plasticity in arid and semiarid climates. Proc. 8th I.C.S.M.F.E., Moscú : 161-190. 
Jiménez Salas, J.A. y Justo, J.L. (1975). Propiedades de los suelos y de las rocas. Geotecnia y Cimentaciones 
I, Editorial Rueda, Madrid. 
Jommi, C. and Di Prisco, C. (1994). Un semplice approccio teorico per la modellazione del comportamento 
meccanico di terrenigranulari parzialmente saturi. Conf. Il ruolo dei fluidi nei problemi di ingegneria 
geotecnica, Mondovi, Vol.1, II: 167,188. 
Josa, A. (1988). Un modelo elastoplástico para suelos no saturados. Ph.D. Tesis, Universidad Politécnica de 
Cataluña. Barcelona. 
Josa, A., Alonso, E.E.,Lloret, A. and A. Gens (1987). Stress-strain behaviour of partially saturated soils. 
Proc. 9th ECSMFE, Dublin: 561-564. 
Josa, A. Balmaceda, A., Gens, A., y Alonso, E. (1992). An elastoplastic model for partially saturated soils 
exhibiting a maximum of collapse. Computational Plasticity -Fundamentals and Applications. 
Pineridge Press, p. 815-826. 
Referencias 
Karube, D. (1988). New concept of effective stress in unsaturated soil and its proving test. Advanced 
Triaxial Testing of Soils and Rock, ASTM SPT 977, Rober T. Donaghe, Ronald C. Chaney, 
and Marsall L. Silver, Eds., American Society of Testing and Materials, Philadelphia, pp. 
539-552. 
Karube, D. and Kawai, K. (2001). The role of pore water in the mechanical behaviour of unsaturated soils. 
Geotechnical and Geological Engineering 19: 211-241. 
Kato, S. and Kawai, K. (2000). Deformation characteristics of a compacted clay in collapse under isotropic 
and triaxial stress state. Soils and Foundations 40(5): 75-90. 
Kawai, K., Kato, S., and Karube, D. (2000). The Model of Water Retention Curve Considering Effects of 
Void Ratio. In: Rahardjo, H., Toll, D.G., Leong, E.C.(Eds.), Unsaturated Soils for Asia. Balkema, 
Rotterdam, p.329-334. 
Kawai, K., Nagareta, H., Hagiwara, M. and Iizuka, A. (2003). Suction changes of compacted soils during 
static compaction test. In D. Karube, A. Iizuka, S. Kato, K. Kawai & K. Tateyama (eds), Unsaturated 
soils. Geotechnical and geoenvironmental issues; Proceedings of the 2nd Asian conference on 
unsaturated soils, Osaka: 429-434. Japan. 
Klotz E U and Coop M R (2002) On the identification of critical state lines for sands. Geotechnical Testing 
Journal, Vol. 25, No. 3, pp. 1- 14. 
Kolymbas, D. and Wu, W. (1989). A device for lateral strain measurement in triaxial tests with unsaturated 
specimens. Geotechnical Testing Journal, Vol. 12 No.3, pp. 227-229. 
Lade, P. V., (1988). Automatic Volume Change and Pressure Measurement Devices for Triaxial Testing of 
Soils. Geotechnical Testing Journal, Vol. 11, No. 4, pp. 263-268. 
Lagny, C. (1996). Comportement mécanique des sols fins sous fortes contraintes et fortes pressions 
négatives. PhD Thesis, Ecole Centrale Paris. 
Lambe, T.W. (1958). The structure of compacted clay. Jnl. of the Soil Mech. and Foundn. Div ASCE, 84 
(SM2): 10-34. 
La Rochelle, P., Leroueil, S., Trak, B., Blais-Leroux, L. and Tavenas, F. (1988). Observational approach to 
membrane and area correction in triaxial tests. Advanced Triaxial Testing of Soils and Rock, ASTM 
SPT 977, Rober T. Donaghe, Ronald C. Chaney, and Marsall L. Silver, Eds., American Society of 
Testing and Materials, Philadelphia, pp. 715-731. 
Lawton, E.C., Fragaszy R.J. and Hardcastle, J.H. (1989). Collapse of compacted Clayey sand. Journal of 
Geotechnical Engineering, ASCE, Vol. 115, No 9, 1252-1267. 
Lawton, E.C., Fragaszy R.J. and Hardcastle, J.H. (1991). Stress ratio effects on collapse of compacted 
Clayey sand. Journal of Geotechnical Engineering, ASCE, Vol. 117, No 5. pp. 714-730. 
Lawton, E.C., Fragaszy R.J. and Hetherington, M.D. (1992). Review of wetting-induced collapse in 
compacted soil. Journal of Geotechnical Engineering, ASCE, Vol. 118, No 9, pp. 1376-1393. 
Leong, E. C., Agus, S. S. and Rahardjo H. (2004). Volume Change Measurement of Soil Specimen in 
Triaxial Test. Geotechnical Testing Journal, Vol. 27, No. 1, pp. 47-56. 
Leroueil, S. and Vaughan P.R. (1990). General and congruent effects of structure in natural soils and weak 
rocks. Géotechnique 40 : 467-488. 
Lin, P.S. and Lovell, C.W. (1982). Compressibility of field compacted clay. En Earthwork Compaction, TRR 
897, pp. 51-60. 
Linton, P.F., McVay, M.C. and Bloomquist, D. (1988). Measurement of deformation in the standard triaxial 
environment with a comparison of local versus global measurements of a fine, fully drained sand. 
Advanced Triaxial Testing of Soils and Rock, ASTM SPT 977, Rober T. Donaghe, Ronald C. 
Chaney, and Marsall L. Silver, Eds., American Society of Testing and Materials, Philadelphia, pp. 
202-218. 
Lloret, A. y E.E. Alonso (1980). Consolidation of unsaturated soils including swelling and collapse 
behaviour. Géotechnique 30, No 4, 449-447. 
Lloret, A. y E.E. Alonso (1985). State surfaces for partially saturated soils. Proc. 11th Int. Conf. Soil Mech. 
Fdn. Engng. San Francisco, 2: 557-562. 
Lloret A, Villar MV, Sanchez M, Gens A, Pintado X, Alonso EE. (2003). Mechanical behaviour of heavily 
compacted bentonite under high suction changes. Géotechnique 53:27-40. 
Maatouk,  A.,  Leroueil,  S.,  and  La Rochelle,  P. (1995). Yielding and critical state of a collapsible 
unsaturated silty soil. Géotechnique 45, 465-477. 
Macari, E.J., Parker, J.K. and Costes, N.C. (1997). Measurement of volume change in triaxial test using 
digital imaging techniques. Geotechnical Testing Journal, Vol. 20, No. 1, pp. 103-109. 
Mancuso, C., Vassallo, R. and d’Onofrio, A. (2002). Small strain behavior of a silt sand in controlled-suction 
resonant column-torsional shear tests. Can Geotech J, 39: 22-31. 
Maswoswe, J. (1985). Stress path for compacted soil during collapse due to wetting. Ph.D. Thesis, Imperial 
college, London. 
Matyas, E.L. y Radhakrishna, H.S. (1968). Volume change characteristics of partially saturated soils. 
Géotechnique, 18, No 4, 432-448. 
Mendoza M.J. (1992). Enfoques recientes en la compactación de suelos. Publicación técnica No. 33, Instituto 
mexicano del transporte. 
Mendoza, M.J. and Alberro, J. (1992). Engineering properties and microstructure of compacted. cohesive 
soils. Raúl Marsal Volume, S.M.M.S., México: 247-264. 
Mitchell, J.K. (1993). Fundamentals of soil behaviour. John Wiley & Sons, Inc., New York, 2nd ed. 
Mongiovi, L. and Tarantino, A. (1998). An apparatus  to investigate on the two effective stresses in 
unsaturated soils. Proc. 2nd Int. Conf. On Unsaturated Soils, Beijing, International Academic 
Publishers, 1: 442-425. 
Morel, G. (1980). General Report. International Conference on Compaction, Paris, Vol. 3: 57-76 
Mualem, Y., (1976). A new model for predicting the hydraulic conductivity of unsaturated porous media. 
Water Resources Research, 12:593-622. 
Newson T.A., Davies M.C.R. and Bondok A.R.A. (1997). Selecting the rate of loading for drained stress 
path triaxial tests. Géotechnique 47, No. 5, 1063-1067. 
Ng, C.W.W. and Pang, Y.W. (2000). Influence of stress state on soil-water characteristics and slope stability. 
Journal of Geotechnical and Geoenvironmental Engineering, 126(2): 157-166. 
Ng, C.W.W. and Abraham, C.F. Chiu, (2001). Behaviour of a loosely compacted unsaturated volcanic soil. 
Journal of Geotechnical and Geoenvironmental Engineering, ASCE, Vol. 127, No. 12 : 1027-1036. 
Ng, C.W. W., Zhan, L. T., and Cui, Y J., (2002). A New Simple System for Measuring Volume Changes in 
Unsaturated Soils. Canadian Geotechnical Journal, 39: 757-764. 
Northey, R.D., (1969). Engineering properties of loess and other collapsible soils. 7º Congreso Internacional 
de Mecánica del Suelo e Ingeniería de Cimentaciones, Ciudad de México, 3:445-452. 
Olson, R.E. and Langfelder, L.J. (1965). Pore-water pressures in unsaturated soils. J. Soil Mech. Found. 
Div., ASCE, 91(4): 127-160 
Pereira, J. H.F. and Fredlund, D.G., (2000). Volume Change Behavior of Collapsible Compacted Gneiss 
Soil. Journal of Geotechnical and Geoenviromental Engineering, ASCE, Vol. 126, No. 10, pp. 907-
916. 
Prapaharan S., Altschaeffl A.G., Dempsey B.J. (1985). Moisture curve of compacted. clay: mercury intrusion 
method. J Geotech Geoenv Eng, 111(9):1139–1143. 
Prapaharan, S., White, D.M., and Altschaeffl, A.G. (1991). Fabric of field and laboratory compacted clay. J. 
Geotech. Engrg., ASCE, 117(12): 1934-1940. 
Prashanth, J.P., Sivapullaiah, P.V. and Sridharan, A. (1998). Compaction curves on volume basis. 
Geotechnical Testing Journal, Vol. 21, No. 1, pp. 58-65. 
Proctor, R.R. (1933). Fundamental principles of soil compaction. Engineering News Record 111: 245-248; 
286-289; 348-351. 
Rao, S.M. and Revanasiddappa, K. (2003). Role of soil structure and matric suction in collapse of a 
compacted clay soil. Geotechnical Testing Journal, Vol. 26, No. 1, pp. 102-110. 
Rampino, C., Mancuso, C. and Vinale, F. (1999). Laboratory testing on unsaturated soil: equipment, 
procedures and first experimental results. Canadian Geotechnical Journal, 36:1-12. 
Rampino, C., Mancuso, C. and Vinale, F. (2000). Experimental behaviour and modelling of an unsaturated. 
Canadian Geotechnical Journal, 37: 748-763. 
Reséndiz, D. (1975). Propiedades de los suelos finos compactados. En Presas de Tierra y Enrocamiento (de 
Marsal, R.J. y Reséndiz, D.). Editorial Limusa, México, D.F., Capitulo 9. 
Reséndiz, D. (1977). Compacting conditions, state variables engineering properties of compacted clay. 
International Conference on Compaction, Paris, Vol. I: 195-202. 
Rico, A. y del Castillo, H. (1974). La ingeniería de suelos en las vías terrestres, No. 1, Limusa, México. 
Ridley, A.M. & Burland, J.B. (1993). A new instrument for the measurement of soil moisture suction. 
Géotechnique 43, No.2, 321-324. 
Referencias 
Ridley, A.M. and Wray, W.K. (1996). Suction measurement: A review of current theory and practices. Proc. 
1st Int. Conf. On Unsaturated Soils, Paris. E.E. Alonso and P. Delage (eds.), Balkema / Presses des 
Ponts et Chaussées, 3: 1293-1322. 
Romero, E. (1999). Thermo-hydro-mechanical behaviour of unsaturated Boom clay: an experimental study. 
Ph. D. Thesis, Technical University of Catalunya, Barcelona. 
Romero, E., Facio, J.A., Lloret, A., Gens, A. and Alonso, E.E. (1997). A new suction and temperature 
controlled triaxial apparatus. In Proc. 14th ICSMFE, Hamburg. A.A. Balkema, Rotterdam. Vol.1: 
185-188 
Romero, E., Gens, A. and Lloret, A. (1999). Water permeability, water retention and microstructure of 
unsaturated Boom clay. Engineering Geology, 54: 117:127. 
Romero, E. and Vaunat, J. (2000). Retention curves of deformable clays. International Workshop On 
Unsaturated Soils: Experimental Evidence and Theoretical Approaches in Unsaturated Soils, Trento, 
Italy. A.A. Balkema, Rotterdam: 91-106. 
Romero, E., Barrera, M., Lloret, A. and Gens, A. (2002). Collapse under isotropic stress state of anisotropic 
and isotropic compacted soils. Unsaturated Soils. A.A. Balkema Publishers, 2002, p. 635-640. 
Romero, E., Gens, A. and Lloret, A. (2003). Deformation behaviour of anisotropic and isotropic compacted 
soils due to wetting. A: 3rd International Symposium on Deformation Characteristics of 
Geomaterials. A.A. Balkema, 2003, p. 743-749. 
Roscoe, K. H. and Burland, J. B. (1968). On the gener¬alised stress-strain behaviour of 'wet' clay. 
Engineer¬ing Plasticity (J. Heyman & F. A. Leckie, eds) pp. 535-609. Cambridge University Press. 
Seed, H. B. and Chan A.M. (1959). Structure and strength characteristics of compacted clays. Journal of Soil 
Mechanics and Foundations Division, A.S.C.E., Vol. 85, SM5: 87-128. 
Schofield, A.N. (1935). The pF of the water in soil. Trans. 3rd Int. Cong. Soil Science, Vol. 2: 37-48. 
Scholey, G.K., Frost, J.D., Lo Presti, D.C.F., Jamiolkowski, M. (1995). A review of instrumentation for 
measuring small strains during triaxial testing of soil specimens. Geotechnical Testing Journal, Vol. 
18, No. 2, pp. 137-156. 
Schreiner, H.D. (1988). Volume change of compacted highly plastic African clays. Ph.D. Thesis Imperial 
College, University of London. 
Sharma, R. S. (1998). Mechanical behaviour of unsaturated highly expansive clays. DPhil thesis, University 
of Oxford, UK. 
Sivakumar, V. (1993). A critical state framework for unsaturated soil. Ph. D. Thesis, University of Sheffield, 
U.K. 
Sivakumar, V. and Wheeler, S. J. (2000). Influence of compaction procedure on the mechanical behaviour of 
an unsaturated compacted clay. Part 1:Wetting and isotropic compression. Géotechnique 50, No. 4, 
359-368. 
Sivakumar, V., Tan, W. C., Murray, E. J. and McKinley, J. D. (2006). Wetting, drying and compression 
characteristics of compacted clay. Géotechnique 56, No. 1, 57-62. 
Sun, D. A., Matsuoka, H. and Xu Y. F. (2004). Collapse behavior of compacted clays in suction-controlled 
test. Geotechnical Testing Journal, Vol. 27, No.4, pp. 362-370. 
Suriol, J., Gens, A., and Alonso, E (1998). Behaviour of compacted soils in suction-controled oedometer. 
Proceedins of the second international conference on unsaturated soils. International Academic 
Publishers, p. 438-443. 
Tarantino, A., L. Mongiovì and G. Bosco (2000). An experimental investigation on the independent isotropic 
stress variables for unsaturated soils. Géotechnique 50, No. 3, 275-282. 
Tarantino, A. and  L. Mongiovì (2003). Calibration of tensiometer for direct measurement of matric suction. 
Géotechnique 53, No. 1, 137-14. 
Tarantino, A., and Tombolato, S. (2005). Coupling of hydraulic and mechanical behaviour in unsaturated 
compacted clay. Géotechnique 55, No.4, 307-317. 
Toll, D.G. (1988). The behaviour of unsaturated compacted naturally occurring gravel. Ph.D. Thesis, 
University of London. 
Toll, D.G. (1990). A framework for unsaturated soil behaviour. Géotechnique 40, No.1, 31-44. 
Toll, D.G. (1995). A conceptual model for the drying and wetting of soil. In E.E. Alonso and P. Delage. 
Proc.  1st Conf. On Unsaturated Soils, Paris, Rotterdamm:Balkema / Presses des Ponts et Chaussées, 
2: 805-810 
Tombolato, S., Tarantino, A. and Mongiovì, L. (2004). Suction induced by static compaction. In Unsaturated 
soils : Experimental studies (ed. T. Schanz), Vol. 1, pp. 101-110. Berlin Germany: Springer-Verlag. 
Topp, G.C.and Miller, E.E. (1966). Hysteresis Moisture Characteristics and Hydraulic Conductivities for 
Glass-bead Media , Soil Sci. Soc. Am. Proc., 30: 156-162. 
Toyota, H., Sakai, N., and Nishimura, T., (2001). Effects of Stress History due to Unsaturation and Drainage 
Conditions on Shear Properties of Unsaturated Cohesive Soil. Soils and Foundations, Vol. 41, No. 1, 
pp. 13-24. 
Ueng, T-S., Tzou, Y-M., and Lee C-J. (1988). The effect of end restraint on volume change and 
particle breakage of sands in triaxial tests. Advanced Triaxial Testing of Soils and Rock, 
ASTM SPT 977, Rober T. Donaghe, Ronald C. Chaney, and Marsall L. Silver, Eds., 
American Society of Testing and Materials, Philadelphia, pp. 679-691. 
Van Genuchtten, M. Th. (1978). Calculating the unsaturated hydraulic conductivity with a new, closed – 
form analytical model. Research Report 78-WR-08. Water Resources Program, Dep. of Civil 
Engineering, Princeton University, Princeton. 
Van Genuchtten, M. Th. (1980). A closed-form equation for predicting the hydraulic conductivity of 
unsaturated soils. Soils Sci. Am. J. 44: 892-898. 
Vanapalli, S.K., Fredlud, D.G., Pufahl, D.E., and Clifton, A.W. (1996). Model for the prediction of shear 
strength whit respect to soil suction. Canadian Geotechnical Journal, 33: 379-392. 
Vanapalli, S.K., Frendlund, D.G. and Pufahl, D.E. (1999). The influence of soil structure and stress history 
on the soil-water characteristic of a compacted till. Géotechnique 49, No.2, 143-159. 
Vaunat, J., Romero, E. and Jommi, C. (2000). An elastoplastic hydro-mechanical model for unsaturated 
soils. International Workshop On Unsaturated Soils: Experimental Evidence and Theoretical 
Approaches in Unsaturated Soils, Trento, Italy. A.A. Balkema: 21-138. 
Venkatarama Reddy, B.V. and Jagadish, K.S. (1993). The static compaction of soils. Géotechnique 43, No. 
2, 337-341. 
Ventayol, A., Palau, J., Roca, A., Céspedes, A., Buxó, P. y Carbonell, J. (2002). El contexto geotécnico de la 
ciudad de Barcelona. Ingeniería del terreno (IngeoTer 1), C. López Jimeno (ed.), E.T.S.I. Minas-
U.P.M., Madrid, capitulo 4 103-132. 
Vicol, T. (1990). Comportement hydraulique et mécanique d’un solfin non saturé. Aplication à la 
modélisation, Tesis di Dottorato, Ecole Nationale des Ponts et Chaussée, Paris. 
Villar M.V., Romero E., Buenfil C., Lloret A., Martin P.L., Lambert F. (2005). The application of the axis 
traslation tecnique to the triaxial testing of unsaturated soils. Proceedings of International Conference 
On Problematic Soils, Geoprob 2005, Volume 1, Famagusta, Cyprus. Eastern Mediterranean 
University Press, ISBN 975-8401-22-x: 87-94. 
Wang, Q., Pufahl, D.E. and Fredlund, D.G. (2002). A study of critical state on unsaturated silty soil. 
Canadian Geotechnical Journal, 39: 213-218. 
Wheeler, S.J., (1986). The stress-strain behaviour of soils containing gas bubbles. Ph.D. Thesis, University 
of Oxford. 
Wheeler,  S.   J.   and  Sivakumar,  V  (1992).  Critical   state concepts  for  unsaturated  soil.   Proc.   7th Int.   
Conf. Expansive Soils, Dallas 1, 167-172. 
Wheeler, S.J. (1996). Inclusion of specific water volume within an elasto-plastic model for unsaturated soil. 
Canadian Geotechnical Journal, 33: 42-57. 
Wheeler, S.J. and Sivakumar, V. (1993). Development and application of a critical state model for 
unsaturated soil. Predictive soil mechanics. Thomas Telford, London: 709-728. 
Wheeler, S.J. and Karube, D. (1995). State of the art report. Constitutive modelling. In Proceedings of the 1st  
International Conference on Unsaturated Soils, Paris. Vol. 3: 1323-1356. 
Wheeler, S.J. and Sivakumar, V. (1995). An elasto-plastic critical state framework for unsaturated soil. 
Géotechnique 45, No. 1, 35-53. 
Wheeler, S.J., Karstunen, M. and Näätänen, A. (1999). Anisotropic hardening model for normally 
consolidated soft clays. In Proc. Numerical Models in Geomechanics-NUMOG VII: 33-40. 
Rotterdam: Balkema. 
Wheeler, S.J. and Sivakumar, V. (2000). Influence of compaction procedure on the mechanical behaviour of 
an unsaturated compacted clay. Part 2 : Shearing and constitutive modelling. Géotechnique 50, No. 
4, 369-376. 
Referencias 
Wheeler, S.J., Naatanen, A., Karstunen, M. and Lojander, M. (2003).  An anisotropic elasto-plastic model for 
natural soft clays. Canadian Geotechnical Journal, 40: 403-418. 
Wood, D.M. (1990). Soil behaviour and critical state soil mechanic. Cambridge  University Press, 
Cambridge. 
Yin, J.H. (2003). A Double Cell Triaxial System for Continuous Measurement of Volume Changes of an 
Unsaturated or Saturated Soil Specimen in Triaxial Testing. Geotechnical Testing Journal, Vol. 26, 
No.3, pp. 353-358. 
Yoshimi, V. and Osterberg, J.O. (1963). Compression of partially saturated cohesive soils. J. of Soil Mech. 
And Found. Div. A.S.C.E.,  vol. 89, SM4: 1-24. 
